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Agenda

ÅIntroduction to the modernized 

Origen API in SCALE 6.2

ÅThe need for physics-based depletion 

in fuel cycle assessment

ÅCyBORG : Integrating Origen into the 

Cyclusnuclear fuel cycle simulator

ÅHandling generalized cross-section 

interpolation
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Introduction to the modernized Origen API in 

SCALE 

Directly accessing Origen depletion methods & 

embedding depletion capabilities into other 

code frameworks



Basic topology of the Origen API: Concentrations
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Basic topology of the Origen API: Library
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Origen Wrapper Class (Fortran)

Interfacing with the Origen solver (C++)
Origen C++ class

C++ / C binding layer

C++

pointer

C++

pointer

C / Fortran binding layer

Solver

Binary file I/O

UserUser
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Building upon the Origen API as a foundation

ÅWith the ability to call Origen from a variety 

of in-memory interfaces, it becomes possible 

to develop new applications on top of the 

Origen solver interface

ÅExamples of this include:

ÅThe ORIGAMI interface for 3-D point depletion 

of fuel assemblies & source term generation

ÅThe CyBORGphysics-based depletion reactor for 

the Cyclusfuel cycle simulator
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ÅThe ORIGAMI interface for 

Origen treats the assembly as 

multiple axial and radial depletion 

ònodesó

ÅEach ònodeó has a power òshapingó 

factor to account for axial and 

radial differences in the burnup distribution

ÅRadial nodes can also have different libraries ð

accounting for local differences in neutron spectrum

ORIGAMI is an example of an Origen interface built upon 

the new Origen API
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ORIGAMI: A new way to use Origen
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On the need for integrating physics-based 

depletion into fuel cycle assessment tools



Thermal-spectrum one-group cross-sections are highly 

sensitive to burnup & initial compositions

Initial enrichment Average void fraction
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Reaction cross-sections show much higher sensitivity 

to perturbations in thermal energy region vs. fast
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Example: EG29 scenario
Fast spectrum: low CX sensitivity : 

Physics desirable, not ònecessaryó

Thermal spectrum: high CX sensitivity : 

CXs highly sensitive to (dynamic) initial Pu 

composition & burnup; physics necessary
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Development and function of an Origen-based 

Reactor Analysis module (CyBORG)



Cyclusis an agent-based nuclear fuel cycle simulator 

based upon a dynamic resource exchangeengine

ÅCyclusis an open-source fuel cycle simulator developed & 

maintained by the University of Wisconsin-Madison

ÅRelies on an agent-based framework wherein fuel cycle 

facilities are represented as individual òagentsó 

ÅIndividual facility behaviors are described by òarchetypes,ó which 

interact with the simulation by means of resource exchange

ÅAgents can express ranked òpreferencesó for material types / flows

ÅCyclusõ kernel, the dynamic resource exchange , 

seeks to satisfy all resource bids 

(buy/sell) within the system

http://fuelcycle.org
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Introducing CyBORG: Cyclus-Based Origen

Assimilating 

physics-based 

depletion into fuel 

cycle scenario 

development
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How do we incorporate Origen into Cyclus?

ÅNewest Origen API facilitates direct, 

in-memory calls to Origen solver 

ÅBy developing a portable, embeddable 

òdepletion engine ,ó Origen operations can 

be òwrappedó into a Cyclus-friendly format

ÅòDepletion engineó builds from Origen API (from 

shared SCALE/Origen libraries)

ÅCMake-based configuration allows for easy 

incorporation of required libraries & headers
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